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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium battery 
of high performance with excellent mechanical property 
and workability in the lithium battery formed by disposing 
an oxide-based inorganic solid electrolyte having lithium 
ion conductivity between a positive electrode and a 
negative electrode. 

SOLUTION: This lithium battery is formed by disposing 
the oxide-based inorganic solid electrolyte having lithium 
ion conductivity between the negative electrode and the 
positive electrode formed of an active material capable 
of reversible storage and discharge of lithium ion. A 
polymer of cyclic ester with C=C unsaturated bond in a 
ring, or its derivative is interposed between active 
material grain and oxide-based inorganic solid electrolyte 
grain. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lithium cell characterized by consisting of the polymer of the ester to which the 
binding material to the particle which constitutes said active material and an oxide system 
inorganic solid electrolyte is annular, and has a C=C unsaturated bond in endocyclic in the 
lithium cell which comes to arrange the solid electrolyte which consists of an oxide system 
inorganic solid electrolyte which has lithium ion conductivity between the positive electrodes and 
negative electrodes which consist of an active material in which reversible occlusion emission of 
a lithium ion is possible, or its derivative. 

[Claim 2] The lithium cell according to claim 1 with which said oxide system inorganic solid 
electrolyte is characterized by being a lithium ion conductivity oxide crystal containing a lithium 
(Li), titanium (Ti), and a Lynn (P) and oxygen (O) element. 

[Claim 3] The lithium cell according to claim 1 by which it is consisting [ of at least one kind 
chosen from the group which the active material of said positive electrode and negative 
electrode becomes from Li1+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 (Me=nickel, Zn / Cr, Cu and 
Zn /, 0<=y<=0.6), Li4Mn 5012, and Li4Ti 5012 ] characterized. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lithium cell which comes to arrange the solid 
electrolyte which consists of an oxide system inorganic solid electrolyte which has lithium ion 
conductivity between the positive electrodes and negative electrodes which consist of an active 
material in which reversible occlusion emission of a lithium ion is possible. 
[0002] 

[Description of the Prior Art] Although there is a lithium cell used as a power source of mobile 
computing devices, such as a notebook computer and a cellular phone, conventionally, the 
organic electrolytic solution which dissolved lithium salt in the organic solvent is used for the 
electrolyte. However, that liquid spill had become a trouble by using this organic electrolytic 
solution. 

[0003] Using a solid electrolyte instead of the organic electrolytic solution is proposed to this 
trouble. 

[0004] There is a solid polymer electrolyte made to dissolve lithium salt, such as LiCI04 and 
LiBF4, in the polyether represented by one of the solid electrolytes at polyethylene oxide or 
polypropylene oxide. 

[0005] In such a giant-molecule solid electrolyte, when a lithium ion moves between a lithium ion 
and the oxygen atoms which have an interaction, ionic conduction becomes possible. 
[0006] However, unless the molecular motion of a polyether is not fully activated at a room 
temperature, therefore it activates molecular motion at the temperature of 60 degrees C or 
more, migration of a lithium ion cannot break out easily, and the technical problem that property 
sufficient as an electrolyte is not acquired occurs. 

[0007] Moreover, since a glass transition point becomes high by dissolving lithium salt, the 
technical problem that molecular motion inactivates also occurs. For example, the ionic 
conductivity in the room temperature of the solid polymer electrolyte which consists of 
polyethylene oxide in which LiCI04 was dissolved is as low as 1x10-7 S-cm -1, and it is sharply 
inferior compared with the ionic conductivity of the organic electrolytic solution being 1x1 0~3 - 
10-2 S-cm -1, and is not yet put in practical use. 

[0008] On the other hand, as an example of the lithium cell which used the inorganic solid 
electrolyte for the electrolyte, the technique using sulfide glass as a solid electrolyte is proposed 
so that it may be indicated by JP,1 1-7942,A, for example. 

[0009] According to this technique, only a lithium ion contributes to ionic conduction and it has 
high lithium ion conductivity, but on the other hand sulfide glass is lacking in the stability over 
moisture or oxygen, and thereby, the manufacture yield falls, consequently it has the technical 
problem that a manufacturing cost rises. 

[0010] Li1+(4-n) xMxTi2-x(P04)3 (M — a univalent or divalent cation — ) proposed by JP,5- 
2991 01, A as an example of an oxide system inorganic solid electrolyte n[ when M is univalent 
and n= 1 and M are divalent ] = — 2 and x can mention Li1+x+yAlxTi2-yP3-y012 (0<=x<=0.4, 0< 
y<=0.6) proposed by 0.1-0.5, or JP.1 0-9781 1, A. 

[0011] A these oxide system inorganic solid electrolyte has the property that the lithium ion 
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conductivity in a room temperature is equal to 1x1 0-4 - 10-3 S-cm -1, and the organic 
electrolytic solution, and moreover, its stability over an environment is high and it is expected as 
an electrolyte of a lithium cell. 
[0012] 

[Problem(s) to be Solved by the Invention] However, since said oxide system inorganic solid 
electrolyte was a brittle material, it was deficient in the mechanical property, and it had the 
technical problem that the formation of a thin form was difficult. 

[0013] It is [ that this technical problem should be canceled ] possible to give flexibility to an 
oxide system inorganic solid electrolyte. 

[0014] That is, when the high molecular compound was mixed, the particle front face of a lithium 
ion conductivity oxide system inorganic solid electrolyte changed into the condition of having 
been covered with the insulating high molecular compound, flexibility was given to the oxide 
system inorganic solid electrolyte, but on the other hand the ionic conduction between the 
particles of an oxide system inorganic solid electrolyte was checked, and the ionic conductivity 
of the complex of a lithium ion conductivity oxide inorganic solid electrolyte and a high molecular 
compound was low. 

[0015] This invention is completed in view of the above statement, the purpose is excellent in 
flexibility, and it is in offering a lithium cell with high charge/discharge capability ability. 
[0016] 

[Means for Solving the Problem] The lithium cell concerning claim 1 of this invention comes to 
arrange the solid electrolyte which consists of an oxide system inorganic solid electrolyte which 
has lithium ion conductivity between the positive electrodes and negative electrodes which 
consist of an active material in which reversible occlusion emission of a lithium ion is possible, 
and is characterized by the polymer of the ester which is annular between the above-mentioned 
active material and an oxide system inorganic solid electrolyte, and has a C=C unsaturated bond 
endocyclic, or its derivative intervening. 

[0017] The lithium cell concerning claim 2 of this invention is characterized by oxide system 
inorganic solid electrolytes being a lithium (Li), titanium (Ti), and (P) and the lithium ion 
conductivity oxide crystal containing a Lynn oxygen (O) element in the lithium cell of this 
invention like the above. 

[0018] Moreover, the lithium cell concerning claim 3 of this invention is characterized by 
consisting of at least one kind chosen from the group which the active material of said positive 
electrode and a negative electrode becomes from Li1+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 
(Me=nickel, Zn [ Cr, Cu and Zn ], 0<=y<=0.6), Li4Mn 5012, and Li4Ti 5012 in the lithium cell of 
this invention like the above. 
[0019] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the lithium cell of this 
invention is explained. Drawin g 1 is the sectional view showing the example of a configuration of 
the lithium cell concerning this invention. 

[0020] As for 1, as for a positive-electrode charge collector and 2, a positive electrode and 3 are 
[ a solid electrolyte and 4 ] the structures which a negative-electrode charge collector and 6 
arranged the solid electrolyte 3 which consists of an oxide system inorganic solid electrolyte 
which is a battery case and has lithium ion conductivity between a positive electrode 2 and a 
negative electrode 4, formed the positive-electrode charge collector 1 in the external surface of 
a positive electrode 2, and formed the negative-electrode charge collector 5 in the external 
surface of a negative electrode 4 for a negative electrode and 5. And it has surrounded that a 
battery case 6 is also about this structure. 

[0021] The following transition-metals oxides are mentioned as an active material used for a 
positive electrode 2 and a negative electrode 4. 

[0022] For example, a lithium manganese multiple oxide, lithium nickel complex oxide, a lithium 
cobalt multiple oxide, a lithium nickel cobalt multiple oxide, a lithium vanadium multiple oxide, 
lithium titanium multiple oxides, etc. and those derivatives are mentioned. 
[0023] Among the above-mentioned transition-metals oxides, crystal system with the small 
volume change of the active material in charge and discharge is the active material of a spinel 
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system, and especially the group that consists of Li1+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 
(Me=nickel, Zn [ Cr, Cu and Zn ], 0<=y<=0.6), Li4Mn 5012, and Li4Ti 5012 is good at the point 
which shows a good cycle property. 

[0024] In the oxide system inorganic solid electrolyte used for a solid electrolyte 3 For example, 
crystalline substance solid electrolytes, such as Li1 .3aluminum0.3Ti1 .7(P04) 3 and 
Li3.6germanium0.6V0.4O4, Noncrystalline solid electrolytes, such as 30LiI~41 U20-29P205, and 
40Li(s)2O-35 B-203-25LiNb03, 10U2O-25 B-203-1 5SiO2-50ZnO, Or the mixture or baking 
object of a crystalline substance solid electrolyte and a noncrystalline solid electrolyte can be 
mentioned. 

[0025] However, it is amorphous, the lithium ion conductivity of the solid electrolyte of an oxide 
system is about -one 1x10-6 S-cm at a room temperature, and the solid electrolyte which fully 
fulfills a property is not found out. On the other hand, the solid electrolyte of a crystalline 
substance has the property that the lithium ion conductivity in a room temperature is equal to 
1x10-4 - 10-3 S-cm -1, and the organic electrolytic solution. 

[0026] The solid electrolyte of the crystalline substance of lithium ion conductivity which 
contains a lithium (Li), titanium (Ti), and a Lynn (P) and oxygen (O) element especially also in the 
solid electrolyte of an oxide system with a crystalline substance is desirable at chemical stability 
and the point that ion conductivity both sides are excellent. 

[0027] concrete — Li1+xMxTi2-x(P04)3 (M=aluminum and Sc — ) Y, La, Li1+xTi2-x(P04)3, 
Li0.5-3xR0.5+xTiO3 (R=La) Pr, Nd, Sm, Li1+x+yAlxTi2-xSiyP3-y012, Li1+(4-n) MxTi2-x(P04)3 
(M is a univalent or divalent cation), etc. are mentioned. 

[0028] As binding material which binds the particle of these positive active material, a negative- 
electrode active material, and an oxide system inorganic solid electrolyte, it is annular and the 
polymer of the ester which has a C=C unsaturated bond in endocyclic, or its derivative is used. 
[0029] Such a polymer is an ingredient which has the oxygen atom which can be contributed to 
lithium ion conduction in high density, and has flexibility. In the polymer existing near the point of 
contact of an active material and an oxide system inorganic solid electrolyte particle, the 
resistance to the lithium ion conduction between particles is reduced, it is highly efficient and 
the cell excellent in workability is obtained. 

[0030] It is annular, and as ester which is the precursor of said polymer and which has a C=C 
unsaturated bond in endocyclic, vinylene carbonate, a coumarin, catechol carbonate, phthalide, 
etc. are mentioned, and alkylation radical vinylene carbonate, alkylation radical catechol 
carbonate, etc. are mentioned as the derivative, for example. 

[0031] As for the above-mentioned annular ester or the endocyclic C=C unsaturated bond of the 
derivative, it is desirable that it is not resonating structure so that a polymer may be easy to be 
formed, and it is desirable that it is the carbonate structure of excelling in lithium ion 
conductivity. Therefore, it is annular and vinylene carbonate or its derivative is desirable 
especially as the ester which has a C=C unsaturated bond in endocyclic, or its derivative. 
[0032] As a polymerization initiator used for the polymerization reaction of the above-mentioned 
polymer, radical polymerization agents, such as potassium persulfate, sodium persulfate, 
persulfuric acid hydrogen, azobisisobutyronitril, and benzoyl peroxide, are mentioned, for example. 

[0033] Moreover, the plasticizer of a minute amount may be added in order to raise the flexibility 
of the above-mentioned polymer. As a suitable plasticizer in this case, ethylene carbonate, 
propylene carbonate, butylene carbonate, gamma-butyrolactone, a tetrahydrofuran, 2-methyl 
tetrahydrofuran, 1, 2-dimethoxyethane, 1, 3-dioxolane, a sulfolane, vinylene carbonate, etc. are 
mentioned. These plasticizers may add an one-sort independent and may carry out concomitant 
use addition of the two or more sorts if needed. 

[0034] As the addition approach of the polymer of a between [ the particles of a positive 
electrode and a negative-electrode active material, and an oxide system inorganic solid 
electrolyte ], after pressurization-casting or calcinating the powder of positive active material, an 
oxide system inorganic solid electrolyte, and a negative-electrode active material to three layers, 
sinking in, the approach of carrying out a polymerization, etc. are mentioned to this in the 
precursor of said polymer, for example. 
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[0035] Moreover, into a positive electrode and a negative electrode, a conductive oxide, a carbon 
material, and a metal powder may be mixed as an electronic conduction agent. In a conductive 
oxide, Sn02, In 203, Ti02-x, ZnO and Fe 304, Re03, Mo02, Ru02, VO, W02, etc. are 
mentioned, for example. 

[0036] As this carbon material, carbon black, the shape of a scale, fibrous natural graphites, 
artificial graphites, such as furnace black, and acetylene black, thermal black, etc. can be 
mentioned. 

[0037] Furthermore by the metal powder, Au, Ag, aluminum, Cu, nickel, Fe, etc. can be 
mentioned, for example. 

[0038] Moreover, oxide glass may be used in the case of sintering of the particle of positive 
active material, a negative-electrode active material, and an oxide system inorganic solid 
electrolyte. As oxide glass, the multicomponent system oxide glass consisting mainly of 
phosphate glass, borate glass, silicate glass, and borosilicate glass can be mentioned, for 
example. 

[0039] What is necessary is just to constitute that the metallic thin plate used for the positive- 
electrode charge collector 1 and the negative-electrode charge collector 5 is also for metallic 
materials, such as stainless steel, aluminum, nickel, copper, covar, 42 alloys, titanium, or an 
aluminium alloy. 

[0040] As a battery case 6, the laminate film which carried out the laminating of aluminium foil 
and the polyethylene, for example is used. 

[0041] In this way, according to the lithium cell of this invention, as binding material which binds 
the particle of positive active material, a negative-electrode active material, and an oxide system 
inorganic solid electrolyte, it is annular, and the flexibility which is that the polymer of the ester 
which has a C=C unsaturated bond, or its derivative used, and was excellent in endocyclic is 
acquired, and high charge/discharge capability ability can be attained. 
[0042] 

[Example] Lithium cell A of this invention was produced for vinylene carbonate sinking in and by 
carrying out a polymerization to the layered product which consists of a positive electrode, a 
negative electrode, and an oxide system inorganic solid electrolyte. 

[0043] The concrete configuration of this lithium cell A is as follows. 50P2O5-30PbO-20ZnO 
which is Li1.1Mn 1.904 and oxide glass which are a positive electrode and a negative-electrode 
active material was blended dryly by the weight ratio 95:5, and it considered as mixed powder. In 
addition, TEREPINE oar and toluene were added further, and it mixed so that the ethyl cellulose 
of a shaping assistant might be set to 10 by the weight ratio to this mixed powder 100, and the 
slurry was prepared. The positive electrode and the negative-electrode Plastic solid were 
acquired by carrying out heating baking of what was judged after applying this slurry on the 
polyethylene terephthalate (PET) film and making it dry at 650 degrees C. 

[0044] Li1+x+yAlxTi2-xSiyP3-y012 (0<=x<=0.4, 0<=y<=0.6) which is an oxide system inorganic 
solid electrolyte, and 50P2O5-30PbO-20ZnO which is oxide glass were blended dryly by the 
weight ratio 90:10, and it considered as mixed powder. In addition, TEREPINE oar and toluene 
were added further, and it mixed so that the ethyl cellulose of a shaping assistant might be set 
to 10 by the weight ratio to this mixed powder 100, and the slurry was prepared. After applying 
this slurry on a positive electrode and a negative-electrode Plastic solid and sticking it, the 
three-layer layered product was obtained by carrying out heating baking at 600 degrees C. 
[0045] The positive electrode and the negative electrode were [ 75 micrometers and the oxide 
system inorganic solid electrolyte of the thickness of a layered product ] 50 micrometers. 
[0046] the benzoyl peroxide which is a radical polymerization initiator at the inside of argon 
atmosphere, and vinylene carbonate — 0.5wt(s)% — after adding, this was infiltrated into the 
above-mentioned three-layer layered product which performed dehydration processing with 
vacuum heating. Furthermore, it heated at 60 degrees C among argon atmosphere for 20 hours, 
polymerization of vinylene carbonate was performed, and the generation-of-electrical-energy 
component was formed. 

[0047] After judging the above-mentioned generation-of-electrical-energy component to 
15x20mm, the charge collector of a nickel plate was stuck on the positive electrode and the 
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negative electrode, and the battery case was formed by carrying out heating weld of the 
aluminum-polyethylene laminate film. The dimension of a battery case was set to 25x30mm. 
[0048] As an example 1 of the [example 1 of comparison] comparison, lithium cell B which does 
not contain the polymer of vinylene carbonate like an example was produced using the same 
three-layer layered product as the above-mentioned lithium cell A. 

[0049] Lithium cell C which contains polystyrene like an example was produced except having 
sunk in and having carried out the polymerization of the styrene to the interior of a three-layer 
layered product as an example 2 of the [example 2 of comparison] comparison, using the same 
three-layer layered product as the above-mentioned lithium cell A. 

[0050] About these lithium cells A, B, and C, in order to investigate the flexibility, the bending 
test was performed. The bending test set the deflection of the direction of a long side to 5mm, 
performed it 3 times, and viewed the condition of the three-layer layered product inside each 
cell. 

[0051] Consequently, in lithium cell [ of the example of a comparison ] B, the layered product of 
the lithium cells A and C in this example became clear [ the exterior's abnormalities not being 
seen but having high flexibility ] also by the bending test to the crack having been looked at by 
the layered product. 

[0052] Moreover, charge-and-discharge measurement was performed about these lithium cells 
A, B, and C, and discharge capacity was calculated. 

[0053] It set the current value to 100microA, having set the charge termination electrical 
potential difference as 2.0V, and after it carried out constant-current charge, the discharge 
capacity of each lithium cell was left for 1 hour, and with the current value A of 100micro, to 0V, 
constant-current discharge of it was carried out, and it calculated it. The result is shown in 
Table 1. 
[0054] 
[Table 1] 





ifcm^S (mAh) 




4. 2 











[0055] As shown in Table 1, compared with lithium cell C containing lithium cell B and 
polystyrene which do not contain the polymer of vinylene carbonate for vinylene carbonate by 
sinking in and lithium cell A which carried out the polymerization, the charge-and-discharge 
property improved greatly in the three-layer layered product which consists of a positive 
electrode, a negative electrode, and an oxide system inorganic solid electrolyte. 
[0056] this invention person is that the polymer of the vinylene carbonate which has the oxygen 
atom which can be contributed to lithium ion conduction in high density exists near the point of 
contact of the particle of an active material and an oxide system inorganic solid electrolyte, and 
thinks that it is because the resistance to the lithium ion conduction between particles was 
reduced. 

[0057] In addition, this invention is not limited to the above examples of an operation gestalt, and 
adding modification and amelioration various in the range which does not deviate from the 
summary of this invention does not interfere at all. 
[0058] 

[Effect of the Invention] As mentioned above, according to this invention, it sets to the lithium 
cell which comes to arrange the oxide system inorganic solid electrolyte which has lithium ion 
conductivity between the positive electrodes and negative electrodes which consist of an active 
material in which reversible occlusion emission of a lithium ion is possible. Between said active 
material particle and an oxide system inorganic solid electrolyte particle, it is annular, and when 
the polymer of the ester which has a C=C unsaturated bond endocyclic, or its derivative 
intervenes, are highly efficient. And the lithium cell excellent in mechanical characteristics and 
workability was obtained, and this has attained high charge/discharge capability ability. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the lithium cell which comes to arrange the solid 
electrolyte which consists of an oxide system inorganic solid electrolyte which has lithium ion 
conductivity between the positive electrodes and negative electrodes which consist of an active 
material in which reversible occlusion emission of a lithium ion is possible. 
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PRIOR ART 



[Description of the Prior Art] Although there is a lithium cell used as a power source of mobile 
computing devices, such as a notebook computer and a cellular phone, conventionally, the 
organic electrolytic solution which dissolved lithium salt in the organic solvent is used for the 
electrolyte. However, that liquid spill had become a trouble by using this organic electrolytic 
solution. 

[0003] Using a solid electrolyte instead of the organic electrolytic solution is proposed to this 
trouble. 

[0004] There is a solid polymer electrolyte made to dissolve lithium salt, such as LiCI04 and 
LiBF4, in the polyether represented by one of the solid electrolytes at polyethylene oxide or 
polypropylene oxide. 

[0005] In such a giant-molecule solid electrolyte, when a lithium ion moves between a lithium ion 
and the oxygen atoms which have an interaction, ionic conduction becomes possible. 
[0006] However, unless the molecular motion of a polyether is not fully activated at a room 
temperature, therefore it activates molecular motion at the temperature of 60 degrees C or 
more, migration of a lithium ion cannot break out easily, and the technical problem that property 
sufficient as an electrolyte is not acquired occurs. 

[0007] Moreover, since a glass transition point becomes high by dissolving lithium salt, the 
technical problem that molecular motion inactivates also occurs. For example, the ionic 
conductivity in the room temperature of the solid polymer electrolyte which consists of 
polyethylene oxide in which LiCI04 was dissolved is as low as 1x10-7 S-cm -1, and it is sharply 
inferior compared with the ionic conductivity of the organic electrolytic solution being 1x10-3 - 
10-2 S~cm -1, and is not yet put in practical use. 

[0008] On the other hand, as an example of the lithium cell which used the inorganic solid 
electrolyte for the electrolyte, the technique using sulfide glass as a solid electrolyte is proposed 
so that it may be indicated by JP,1 1-7942A for example. 

[0009] According to this technique, only a lithium ion contributes to ionic conduction and it has 
high lithium ion conductivity, but on the other hand sulfide glass is lacking in the stability over 
moisture or oxygen, and thereby, the manufacture yield falls, consequently it has the technical 
problem that a manufacturing cost rises. 

[0010] Li1+(4-n) xMxTi2~x(P04)3 (M — a univalent or divalent cation — ) proposed by JP,5- 
2991 01, A as an example of an oxide system inorganic solid electrolyte n[ when M is univalent 
and n= 1 and M are divalent ] = — 2 and x can mention Li1+x+yAlxTi2-yP3-y012 (0<=x<=0.4, 0< 
y<=0.6) proposed by 0.1-0.5, or JP,1 0-9781 1, A. 

[001 1] A these oxide system inorganic solid electrolyte has the property that the lithium ion 
conductivity in a room temperature is equal to 1x10-4 - 10-3 S~cm -1, and the organic 
electrolytic solution, and moreover, its stability over an environment is high and it is expected as 
an electrolyte of a lithium cell. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to this invention, it sets to the lithium 
cell which comes to arrange the oxide system inorganic solid electrolyte which has lithium ion 
conductivity between the positive electrodes and negative electrodes which consist of an active 
material in which reversible occlusion emission of a lithium ion is possible. Between said active 
material particle and an oxide system inorganic solid electrolyte particle, it is annular, and when 
the polymer of the ester which has a C=C unsaturated bond endocyclic, or its derivative 
intervenes, are highly efficient. And the lithium cell excellent in mechanical characteristics and 
workability was obtained, and this has attained high charge/discharge capability ability. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, since said oxide system inorganic solid 
electrolyte was a brittle material, it was deficient in the mechanical property, and it had the 
technical problem that the formation of a thin form was difficult. 

[0013] It is [ that this technical problem should be canceled ] possible to give flexibility to an 
oxide system inorganic solid electrolyte. 

[0014] That is, when the high molecular compound was mixed, the particle front face of a lithium 
ion conductivity oxide system inorganic solid electrolyte changed into the condition of having 
been covered with the insulating high molecular compound, flexibility was given to the oxide 
system inorganic solid electrolyte, but on the other hand the ionic conduction between the 
particles of an oxide system inorganic solid electrolyte was checked, and the ionic conductivity 
of the complex of a lithium ion conductivity oxide inorganic solid electrolyte and a high molecular 
compound was low. 

[0015] This invention is completed in view of the above statement, the purpose is excellent in 
flexibility, and it is in offering a lithium cell with high charge/discharge capability ability. 
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MEANS 



[Means for Solving the Problem] The lithium cell concerning claim 1 of this invention comes to 
arrange the solid electrolyte which consists of an oxide system inorganic solid electrolyte which 
has lithium ion conductivity between the positive electrodes and negative electrodes which 
consist of an active material in which reversible occlusion emission of a lithium ion is possible, 
and is characterized by the polymer of the ester which is annular between the above-mentioned 
active material and an oxide system inorganic solid electrolyte, and has a C=C unsaturated bond 
endocyclic, or its derivative intervening. 

[0017] The lithium cell concerning claim 2 of this invention is characterized by oxide system 
inorganic solid electrolytes being a lithium (Li), titanium (Ti), and (P) and the lithium ion 
conductivity oxide crystal containing a Lynn oxygen (O) element in the lithium cell of this 
invention like the above. 

[0018] Moreover, the lithium cell concerning claim 3 of this invention is characterized by 
consisting of at least one kind chosen from the group which the active material of said positive 
electrode and a negative electrode becomes from Li1+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 
(Me=nickel, Zn [ Cr, Cu and Zn ], 0<=y<=0.6), Li4Mn 5012, and Li4Ti 5012 in the lithium cell of 
this invention like the above. 
[0019] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the lithium cell of this 
invention is explained. Drawing 1 is the sectional view showing the example of a configuration of 
the lithium cell concerning this invention. 

[0020] As for 1, as for a positive-electrode charge collector and 2, a positive electrode and 3 are 
[ a solid electrolyte and 4 ] the structures which a negative-electrode charge collector and 6 
arranged the solid electrolyte 3 which consists of an oxide system inorganic solid electrolyte 
which is a battery case and has lithium ion conductivity between a positive electrode 2 and a 
negative electrode 4, formed the positive-electrode charge collector 1 in the external surface of 
a positive electrode 2, and formed the negative-electrode charge collector 5 in the external 
surface of a negative electrode 4 for a negative electrode and 5. And it has surrounded that a 
battery case 6 is also about this structure. 

[0021] The following transition-metals oxides are mentioned as an active material used for a 
positive electrode 2 and a negative electrode 4. 

[0022] For example, a lithium manganese multiple oxide, lithium nickel complex oxide, a lithium 
cobalt multiple oxide, a lithium nickel cobalt multiple oxide, a lithium vanadium multiple oxide, 
lithium titanium multiple oxides, etc. and those derivatives are mentioned. 
[0023] Among the above-mentioned transition-metals oxides, crystal system with the small 
volume change of the active material in charge and discharge is the active material of a spinel 
system, and especially the group that consists of Li1+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 
(Me=nickel, Zn [ Cr, Cu and Zn ], 0<=y<=0.6), Li4Mn 5012, and Li4Ti 5012 is good at the point 
which shows a good cycle property. 

[0024] In the oxide system inorganic solid electrolyte used for a solid electrolyte 3 For example, 
crystalline substance solid electrolytes, such as Li1.3aluminumO.3Ti1 .7(P04) 3 and 
Li3.6germanium0.6V0.4O4, Noncrystalline solid electrolytes, such as 30UI-41 U20-29P205, and 
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40Li(s)2O-35 B-203-25LiNb03, 10U2O-25 B-203-1 5SiO2-50ZnO, Or the mixture or baking 
object of a crystalline substance solid electrolyte and a noncrystalline solid electrolyte can be 
mentioned. 

[0025] However, it is amorphous, the lithium ion conductivity of the solid electrolyte of an oxide 
system is about -one 1x10-6 S~cm at a room temperature, and the solid electrolyte which fully 
fulfills a property is not found out. On the other hand, the solid electrolyte of a crystalline 
substance has the property that the lithium ion conductivity in a room temperature is equal to 
1x10-4 - 10-3 S-cm -1, and the organic electrolytic solution. 

[0026] The solid electrolyte of the crystalline substance of lithium ion conductivity which 
contains a lithium (Li), titanium (Ti), and a Lynn (P) and oxygen (O) element especially also in the 
solid electrolyte of an oxide system with a crystalline substance is desirable at chemical stability 
and the point that ion conductivity both sides are excellent. 

[0027] concrete — Li1+xMxTi2-x(P04)3 (M=aluminum and Sc — ) Y, La, Li1+xTi2~x(P04)3, 
Li0.5-3xR0.5+xTiO3 (R=La) Pr, Nd, Sm, Li1+x+yAlxTi2-xSiyP3-y012, Li1+(4-n) MxTi2-x(P04)3 
(M is a univalent or divalent cation), etc. are mentioned. 

[0028] As binding material which binds the particle of these positive active material, a negative- 
electrode active material, and an oxide system inorganic solid electrolyte, it is annular and the 
polymer of the ester which has a C=C unsaturated bond in endocyclic, or its derivative is used. 
[0029] Such a polymer is an ingredient which has the oxygen atom which can be contributed to 
lithium ion conduction in high density, and has flexibility. In the polymer existing near the point of 
contact of an active material and an oxide system inorganic solid electrolyte particle, the 
resistance to the lithium ion conduction between particles is reduced, it is highly efficient and 
the cell excellent in workability is obtained. 

[0030] It is annular, and as ester which is the precursor of said polymer and which has a C=C 
unsaturated bond in endocyclic, vinylene carbonate, a coumarin, catechol carbonate, phthalide, 
etc. are mentioned, and alkylation radical vinylene carbonate, alkylation radical catechol 
carbonate, etc. are mentioned as the derivative, for example. 

[0031] As for the above-mentioned annular ester or the endocyclic C=C unsaturated bond of the 
derivative, it is desirable that it is not resonating structure so that a polymer may be easy to be 
formed, and it is desirable that it is the carbonate structure of excelling in lithium ion 
conductivity. Therefore, it is annular and vinylene carbonate or its derivative is desirable 
especially as the ester which has a C=C unsaturated bond in endocyclic, or its derivative. 
[0032] As a polymerization initiator used for the polymerization reaction of the above-mentioned 
polymer, radical polymerization agents, such as potassium persulfate, sodium persulfate, 
persulfuric acid hydrogen, azobisisobutyronitril, and benzoyl peroxide, are mentioned, for example. 

[0033] Moreover, the plasticizer of a minute amount may be added in order to raise the flexibility 
of the above-mentioned polymer. As a suitable plasticizer in this case, ethylene carbonate, 
propylene carbonate, butylene carbonate, gamma-butyrolactone, a tetrahydrofuran, 2-methyl 
tetrahydrofuran, 1, 2~dimethoxyethane, 1, 3-dioxolane, a sulfolane, vinylene carbonate, etc. are 
mentioned. These plasticizers may add an one-sort independent and may carry out concomitant 
use addition of the two or more sorts if needed. 

[0034] As the addition approach of the polymer of a between [ the particles of a positive 
electrode and a negative-electrode active material, and an oxide system inorganic solid 
electrolyte ], after pressurization-casting or calcinating the powder of positive active material, an 
oxide system inorganic solid electrolyte, and a negative-electrode active material to three layers, 
sinking in, the approach of carrying out a polymerization, etc. are mentioned to this in the 
precursor of said polymer, for example. 

[0035] Moreover, into a positive electrode and a negative electrode, a conductive oxide, a carbon 
material, and a metal powder may be mixed as an electronic conduction agent. In a conductive 
oxide, Sn02, In 203, Ti02~x, ZnO and Fe 304, Re03, Mo02, Ru02, VO, W02, etc. are 
mentioned, for example. 

[0036] As this carbon material, carbon black, the shape of a scale, fibrous natural graphites, 
artificial graphites, such as furnace black, and acetylene black, thermal black, etc. can be 
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mentioned. 

[0037] Furthermore by the metal powder, Au, Ag, aluminum, Cu, nickel, Fe, etc. can be 
mentioned, for example. 

[0038] Moreover, oxide glass may be used in the case of sintering of the particle of positive 
active material, a negative-electrode active material, and an oxide system inorganic solid 
electrolyte. As oxide glass, the multicomponent system oxide glass consisting mainly of 
phosphate glass, borate glass, silicate glass, and borosilicate glass can be mentioned, for 
example. 

[0039] What is necessary is just to constitute that the metallic thin plate used for the positive- 
electrode charge collector 1 and the negative-electrode charge collector 5 is also for metallic 
materials, such as stainless steel, aluminum, nickel, copper, covar, 42 alloys, titanium, or an 
aluminium alloy. 

[0040] As a battery case 6, the laminate film which carried out the laminating of aluminium foil 
and the polyethylene, for example is used. 

[0041] In this way, according to the lithium cell of this invention, as binding material which binds 
the particle of positive active material, a negative-electrode active material, and an oxide system 
inorganic solid electrolyte, it is annular, and the flexibility which is that the polymer of the ester 
which has a C=C unsaturated bond, or its derivative used, and was excellent in endocyclic is 
acquired, and high charge/discharge capability ability can be attained. 
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EXAMPLE 



[Example] Lithium cell A of this invention was produced for vinylene carbonate sinking in and by 
carrying out a polymerization to the layered product which consists of a positive electrode, a 
negative electrode, and an oxide system inorganic solid electrolyte. 

[0043] The concrete configuration of this lithium cell A is as follows. 50P2O5-30PbO-20ZnO 
which is Li1.1Mn 1.904 and oxide glass which are a positive electrode and a negative-electrode 
active material was blended dryly by the weight ratio 95:5, and it considered as mixed powder. In 
addition, TEREPINE oar and toluene were added further, and it mixed so that the ethyl cellulose 
of a shaping assistant might be set to 10 by the weight ratio to this mixed powder 100, and the 
slurry was prepared. The positive electrode and the negative-electrode Plastic solid were 
acquired by carrying out heating baking of what was judged after applying this slurry on the 
polyethylene terephthalate (PET) film and making it dry at 650 degrees C. 

[0044] Li1+x+yAlxTi2-xSiyP3-y012 (0<=x<=0.4, 0<=y<=0.6) which is an oxide system inorganic 
solid electrolyte, and 50P2O5-30PbO-20ZnO which is oxide glass were blended dryly by the 
weight ratio 90:10, and it considered as mixed powder. In addition, TEREPINE oar and toluene 
were added further, and it mixed so that the ethyl cellulose of a shaping assistant might be set 
to 10 by the weight ratio to this mixed powder 100, and the slurry was prepared. After applying 
this slurry on a positive electrode and a negative-electrode Plastic solid and sticking it, the 
three-layer layered product was obtained by carrying out heating baking at 600 degrees C. 
[0045] The positive electrode and the negative electrode were [ 75 micrometers and the oxide 
system inorganic solid electrolyte of the thickness of a layered product ] 50 micrometers. 
[0046] the benzoyl peroxide which is a radical polymerization initiator at the inside of argon 
atmosphere, and vinylene carbonate — 0.5wt(s)% — after adding, this was infiltrated into the 
above-mentioned three-layer layered product which performed dehydration processing with 
vacuum heating. Furthermore, it heated at 60 degrees C among argon atmosphere for 20 hours, 
polymerization of vinylene carbonate was performed, and the generation-of-electrical-energy 
component was formed. 

[0047] After judging the above-mentioned generation-of-electrical-energy component to 
15x20mm, the charge collector of a nickel plate was stuck on the positive electrode and the 
negative electrode, and the battery case was formed by carrying out heating weld of the 
aluminum-polyethylene laminate film. The dimension of a battery case was set to 25x30mm. 
[0048] As an example 1 of the [example 1 of comparison] comparison, lithium cell B which does 
not contain the polymer of vinylene carbonate like an example was produced using the same 
three-layer layered product as the above-mentioned lithium cell A. 

[0049] Lithium cell C which contains polystyrene like an example was produced except having 
sunk in and having carried out the polymerization of the styrene to the interior of a three-layer 
layered product as an example 2 of the [example 2 of comparison] comparison, using the same 
three-layer layered product as the above-mentioned lithium cell A. 

[0050] About these lithium cells A, B, and C, in order to investigate the flexibility, the bending 
test was performed. The bending test set the deflection of the direction of a long side to 5mm, 
performed it 3 times, and viewed the condition of the three-layer layered product inside each 
cell. 
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[0051] Consequently, in lithium cell [ of the example of a comparison ] B, the layered product of 
the lithium cells A and C in this example became clear [ the exteriors abnormalities not being 
seen but having high flexibility ] also by the bending test to the crack having been looked at by 
the layered product. 

[0052] Moreover, charge-and-discharge measurement was performed about these lithium cells 
A, B, and C, and discharge capacity was calculated. 

[0053] It set the current value to 100microA, having set the charge termination electrical 
potential difference as 2.0V, and after it carried out constant-current charge, the discharge 
capacity of each lithium cell was left for 1 hour, and with the current value A of 100micro, to 0V, 
constant-current discharge of it was carried out, and it calculated it. The result is shown in 
Table 1. 
[0054] 
[Table 1] 





nmrnm cmAh) 




4. 2 











[0055] As shown in Table 1, compared with lithium cell C containing lithium cell B and 
polystyrene which do not contain the polymer of vinylene carbonate for vinylene carbonate by 
sinking in and lithium cell A which carried out the polymerization, the charge-and-discharge 
property improved greatly in the three-layer layered product which consists of a positive 
electrode, a negative electrode, and an oxide system inorganic solid electrolyte. 
[0056] this invention person is that the polymer of the vinylene carbonate which has the oxygen 
atom which can be contributed to lithium ion conduction in high density exists near the point of 
contact of the particle of an active material and an oxide system inorganic solid electrolyte, and 
thinks that it is because the resistance to the lithium ion conduction between particles was 
reduced. 

[0057] In addition, this invention is not limited to the above examples of an operation gestalt, and 
adding modification and amelioration various in the range which does not deviate from the 
summary of this invention does not interfere at all. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Draj^vingjj It is the sectional view showing the example of a configuration of the lithium cell of 
this invention. 
[Description of Notations] 

1: A positive-electrode charge collector, 2:positive electrode, 3:solid electrolyte, 4:negative 
electrode, 5:negative~electrode charge collector, 6 : battery case 
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DRAWINGS 



[ Dra wing 1] 



4 5 6 




1 2 3 
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mm^mixz*-**- hffimx'hzzkAm-£L\<\ 

lot, SttT^rtlcC = C7FiaiP^?r ; i'1-5^^x 
ji-ttctt'tnm'Mfck LTI4, ^tt'-wy*-*^- 

[0 0 3 2] iiEfi^^m-a-Rjcsic^ffl^nsm-g-w 

^JiLT(4, ^Jxli, i§65t^^y>A, j&WBItt h y 
yV /w/ - ir * -f -Y K ^ t* 7 -s t /vfi^J ^ ^ if f, ^ 
[0 0 3 3] ±Kfi^-ft:OBrattSriS»5'<< , 

1, 2-v=^ hdr->i^>, 1, 3-yt*y7V, 
iie,OpIMffll4lS¥3*lr»LTt <fc < , 



5 

[0034] xv-nm^Ms mm%mm@& 

S£-#©fflrlifl£«:£a> £*5;frifcfc 4f*s*rf fen 

[0 0 3 5] JE«*sJ:U«Attt«lcH:*^ei»JWi: 

V\ **ttlWi:»-Ctt. 09x.tf, SnCh, ItnO.. 
TiOi-x, ZnO, Fe.O., ReOs, M0O2, 
RuO., VO, WOj&ir'tf^tt'bilSo 
[0 0 3 6] m^ifl-WtLt^ Wilf7r-*^ 
7*7 s/^^T-trf-u>-7"7 7?, f— ^^^7 yt>l£}£ 

[0 0 3 7] ^bl-^JR^T'li, Waitf, AuWg, 
Al, Cu, Ni, F efti*-£r*lf 51 t^T'tSc 
[0 0 3 8] Effing, £ffiJ§4&JL 

tfflLtU^. ®tfbfe>#7 7<t LTIi, j?iJ^(iy>K 

KiS^7 7 «r«f» ,£,<• fc L,1t£tiL&HkWt{tillo#7 * £¥»f 5 
Ci7j*T§5 0 

[0 0 3 9] jEffi&Sfcl i:fM£**#5llffl^5&JS 
StS(i7x>-^7 s TA^^A. ffl, a/< 

£* w&JSIWt* 1 o TlMtllf i k\ 
[0 0 4 0] mtf 6 £ LTfi, 0ii^liT/U5 = ^A^t 

[004 1]K UT**.W<0!»^!?A*ft|CJ:ixtf N 

C ^fi&frJjg-££ W-f 5 ^ 7 r fc 14^ <£>StSf*<0Si§- 

[0 0 4 2] 

[0 0 4 3] r©y^!?A«JfeA©A«:fi<]«fi£l4T8E© 
ii9T*>5. IE«*sJ;tJ { A«S*KT*>5L i ... Mn 

O. iiW7 5 0 P2 Os - 3 0 P b O- 

2 0Z nO&fi*Jfc9 5 : 5 T'^Si^LTl^t L 

Lfc ;©77 y-£7j?y u— h (P 

E T ) 7 ^ >u A ±IC fcffi L T ft* S £%0r Lfc t> 
<7>£6 5 0°ClCT*Q^^1-5r fCEffi*5itJ«ftffiJ58 
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[0044] mm%Bwmw-mm%X'hi> l i 

Al.Tii-, S i v P 3 -, 0,2 (02x^0. 4. OSy 
§0. 6) tmt®ji7*X'hZ> 5 0 P? O s - 3 0 P b 
O-2 0ZnO^Iitt9 0 : 1 OT'K^LT^ 
Si Lfc. rroig-g-ai 0 0l:SLT|i)cWI»xfA 
-k/uu-xfimAltX-i 0bt£&X.5\zMz.* ££>Ic:t 
u *-;i>id X t>* h A^ > £ M 7L X L , 7 7 x ) ~ 

zmmLtz, z<d*7 y-*:jE«*ij:u«**fifc»ft±ic 

10 fc*LTW9£fc-frfc«, 6 0 0tl;tW«t5^ 
[0 0 4 5] «lft©ff^ttEffij3it/ftffi*S 7 5 a* 

[0 0 4 6] T/Un^HMf. t'nU'V*— h 
1^7-7'* yufi-g-M te^J X'fo 5 ^ v TV ;w<— 7 K 
£0. 5wt%jSJPLfcft, r*i/*:KSiP»fc < t9Jft* 

/U3>#g^cfi6 0°C(CT2 OSfWlLT, f=U7 

20 [0 0 4 7] ±te|gm*T-?r 1 5 X 2 Ommld^BfrLfc 

m . lEffits i u'Affi t = 7 J ffrWL<DMm& Z 3ft 9 ft i-r . 

mm-fZ w t T-Sffif ^JFM Lfc 0 Wc^fell 2 5X3 
0 mm t Lfc 0 

[0 0 4 8] [it«fi»Jl]tt««iJl t LT N ±tey^7A 

[0 0 4 9] [Jt«^J2]Jti5[flflj2 t LT, iffiyf-^A 
30 «»Atl3ICHH8[Ji#:«rffli\ ZSfIilfrp l 9a(C7^ 

u Lfi^ ltc r t wtmmm t mmic lt# 

y 7 u 7 £Hr*rt 5 y ^ <7 a«?& c «rf^» Lfc 0 

[0 0 5 0] "ixibroy ^^7Afl;?|bA. B^itKCI^O 
fl»fKHl4ftia^(Rl©fc^Sr5mmt LT3@ffl\ 

[0051] z<D&$k. ttmmny f-v&nfoBxizm 

[0 0 5 2] ^ixPjOy^-^A^A, BtJitf 

[0053] # y ^ !7 A*^»Sc«SSl±Ste*i!*±«E 
Sr2. OV, llfiSrl OOfiAtLTfSffiMLt 

^ , i b# waa l TmMffi i o o ^ a ic x o v * x-^m 

[0 0 5 4 ] 
ISM 1 
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«C«^S (mAh) 
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[0 0 5 5] mi frbftfrZX 51-, JESI, AS. *5i 

[0 0 5 6] *56M#iiiS1feSCiB ±t/»^*^4|«a«t 

e * i - at -r 5 s & m £ n t * -e *> a 1 % * 5 . 

[00 5 7] ft:jb\ #£9]|i±fE<0 i 5 /iHJ£jg<g0i||c 
* it 5 1 Mt <t < , *38 W ©B B Sri&tt L <cv ^« 



[0 0 5 8] 



[0 0 5 9] 

[B30ffi¥&K9U 

[Ell ] *^©yf-^A«?fe©«^|r^-f»rffillT- 

1 : jESgttft, 2 : lEffi, 3 : Hft«fi?K, 4 : * 
5 : 6 : ffif 



[Ull ] 




